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MI!lMORANDUM REPORT

'GASOLlNE-UATER DISTRIBUTION COEFFIC~NTS OF XYLIDINES

By Adelbert O. Tischler, Vernon A. Slabey
and Walter T. Olson

Stn-1HARY

Experimental data were obtained on the distribution coeffi
cients of techn.i.cal xylidinea for the system gasoline-water. The
distribution coefficient is defined as the ratio of the concentra
tion of xylidines in the gasoline layer to that in the water layer.
The data may be used to estilnate the maximum loss of xylidines
from the fuel layer in water-displacement storage systems. The
gasoline-water distribution coefficients for xylidines in three
different fuels (grade 65 aromatic free, grade 65 as received plus
15 percent of an aromatic mixture, and grade 130) were determined.
The effects of concentration of xylidines in the fuel, arome.ticity
of the fuel, ses water instead of fresh water, and temporature were
investigated. The variation in the loss of xylidines from gasoline
stored over water is discussed in terms of the distribution
coefficients.

The results are summarized in the following table:

TemperaturelXYlidines Fresh-water extraction
(~) (percent) GraCl.e 65, Grade 130

I aromatic-
free

I Kwt Kvol Kwt Kyol

40 LO 12 8.5 19 13
3.0 15 10.5 22 15

100 LO I 24 17.0 36
I

25- 3.0 26 18.0 37 26

The distribution coefficient K increased with the addition
of about 18 percent aromatics to the aromatic-free fuel to values
comparable with these for grade 130 fuel. The use of sea "Tater
instead of fresh water also increased the distribution coefficient.
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INTRODUCTION

'('

~len gasoline containing xylidines is stored over water, a
certain amount of xylidines is extracted from the f'ue L by the wa.ter.
A mathematical eA~ression has been derived (reference 1) from which
the minimum quantity of xylidines present in the gasoline can be
determined for any amount of fuel remaining in the storage tanlc.
The solution of this equation requires a value for the distribution
coefficient of the additive. The distribution .coefficient is
defined as the ratio of concentration of additive in the gasoline
to the concentration of additive in the water.

It is the ~urpose of this report to present values of the dis
tribution coefficients for teclulioal xylidin~s as an additive and
to investigate the variation o:f this coefi'icient with concentration
of xylidines in the fuel, with temperature, i-lith aromatic hydro
carbon conberrb of the fuel, and \·rith sea water instead of fresh
i-later. The investigation was conducted at the request of the Army
Air Force~ at the Aircraft Engine Research Laboratory of the NACA
at Cleveland, Ohio, dur~ng May and June 1943.

PREPARATION OF SAMPLES MID APPARATUS

Samples containing 1, 3, and. 6 percent by \·reiBht of xylidines
in gasoline were prepared and a quantity of water equal in weight
to the gasoline vas added. The total sample weight was approxi
mately 50 grams. The samples were placed. in a stoppered bottle and
rotated on a wheel in a constant-temperature bath to attain eqUilib
rium conditions. After adequate mixing, specimens of the water
layer were taken by separating the gasoline and water phases in a
separatory furmeL The i'rater la;yer ioTaS analyzed spectrographically
for content of xylidines.

Three different fuels were usod for the determination of the
coefficients:

1. Grade 65, specification AN-VV-F-756, amendment 2, from which
the aromatic hydrocarbons had been removed by extraction \·rith con
centrated sulfuric acid and adsorption" by silica gel.

2. Grade 65 8S de1ivered to which was added 15 percent by
volume of an aromatic mixtuxe consisting of 5 parts xylene, 1 part
toluene, and 2 parts cumene.
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3. Grade 150, specification AN-F-28, amendment 1.

Grade 65 fue 1 as de livered contained about :3 percent of aro-
matic hydrocarbons, approximately 60 percent of which was toluene
and 40 percent benzene. Grade 150 fue1 contained about 17 percent
aromatic hydrocarbons, 4 ml of tetraethyl lead per gallon, as well
as inhibitor and dyes. Identical a.romatic contents were f01ll1d in
each case by refractive-index measurements and the spectrometric
method.

ANALYTICAL PROCEDURE

The water extracts of the fuels conbatritng xylidines were
analyzed by spectrophotom~tricmethods. Two different instruments
were used. The data for the g.ca.de 65 gasoline "lere obtained with
a grating specbz-ograph, The data for the grade 150 fuel were
obtained by the use of a Beckman quartz spectrophotometer. Data
obtained 1dth the spectzrograph were checzed with the spectrophotom
eter and were reproducible to within 5 percent of the value of the
distribution coefficient given, The use of the spectrophotometer
greatly enhanced the speed with which the analyses could be per
formed. By use of these instruments it "Tas possible to measure
quanti~atively concentrations of 0.001 percent xylidines in water.

The analytical methods were f1ll1damentally the same w'ith both
instruments. Technical xylidines, a mixture of five of the siX

. possible xylidines, have an absol'pt5.on band at about 285 milli
microns wave length (ultraviolet). The extinction of the eamp'Le
contained in a quartz oell placed in the light path was compared
with the extinction of a prepared standard of kno:Y.n concentration
of xyl:idlnes and the concentrrabdon of xylidines in the sample
calculated. The extinction (absorption) of light is related to
the concentration of the absorbing group by the Beer-Lambert law.

It was neceaaar-y to dilute the samples to a concentration
measurable with the instruments. The concentration of xylidines
in the sample was then obtained by multiplying the observed result
by the correct dilution factor. It was necessa.ry to correct the
observed extinction for absorption by substances o"ther than the
xylidines, which were also extracted from the fuel. This correc
tion was measured by extracting with water a sample of' the fuel
containing no xylidines and applying the same correction to the
other samples. Since the correction was not larger than 5 percent
of the calculated extinction, the error introduced by the assump
tion that the correction is a constant factor was not appreciable.
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CALCULATION OF THE DISTRIBUTION COEF.F'ICIH:UTS

The reported distribution coefficients were calculated on a
weight basis. The weight of xylidines, extracted by the ''later "Tas
subtracted from the original weight of xylidines in the gasoline.
Then the concentration of xylidines remaining in the gasoline was
divided by the concentration of xylidines in the vTater phase to get
the weight basis coefficient Ki'lt. The distribution coefficient on
a volume basis Kvol was calculated by multiplying the weight
coefficient by the relative density of the fuel and "Tater at the
same temllerature.

Sample calculation. -

Original
weight of
xylidines
in gasoline

(gram)

0.2663

Weight of
gasoline

(gram)

26.4

'·leight of
ioTater

(gram)

,26.4

Amount of,
xylidines
in'VTater
(percent)

0.0326

26.4 (0.0326) 0 lIdo xt t d b t100 = .0086 gram xy i anes e rae e y wa er

0.2663 - 0.00861 = 0.2577 gram xylidines remaining in gasoline

0.2577

!Sit = 26.4 = 29.9
0.00861
26.4

Kvol
= K (density of gasoline)

y~ density of water I

I Kvol = 29.9 X 0.7

Kvol = 20.9
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RESULTS

Experimental data for the distribution coefficients of
xyl1dines in the three fuels at three temperatures are given in
table 1.

TABLE I

19 15
22 15
27 19

30 21
31 22
37 26
36 25
37 26
41 29

Grade 130

40

77

101)

~._-_._--

40 1.0 ----,---- ----- ... _--- 21 14
3.0 ---- - ... -- ....... _-- ----- 26 18
6.0 ---- ---- ----- ----- 31 21

77 1.0 27 18.0 32 22 31 21
3.0 29 120 •0 36 25 36 25
6.0 35 24.0 40 28 42 29

100 1.0 ---- _.._-- ----- ----- 37 25
3.0 ---- ---- ----- ----- 41 28
6.0 .._-- ---- ----- ----- 47 32

--r-----~--------.---
Temper- Percent- Grade 65, Grac.e 65 as
ature age xY-' aromatic delivered

(OF) lidines free plus
15 percent
aromatics1

._~.rt J_Kv.~__~w:t l-K-v-o-l -+- --.-- -

___-r-_~F_r._e_£l..,1~.-1vater extra~tions _--;-_-':"""" _
1.0 12 I 8.5 20 14
3.0 15 110.5 23 16
6.0 20 14.0 28 20

1.0 20 14.0 28 20
3.0 21 15.0 31 22
6.0 27 19.0 37 26
1.0 24 17.0 33 23
3.0 26 J18.0 37 26

__~~6.0 31 22.0 43 30
Sea-water e~tractions

lAdded aromatics consisted of 5 parts xylene,
1 part toluene, 2 parts cumens.

DISCUSSION

Effect of concentration of xylidines. - The values of the
distri'bUtion coefficients of xylictin0S Inci'sased as the concentra
tion of xylidil~S in the fuel was increased. This effect is
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illustrated in figure 1. The distribution coefficient increased
approximately 1 for each increase of I percent by weight of xyli
dines originally contained in the fuel in the range I to 3 percent
xylidines. From 3 to 6 percent xylidines the distribution coeffi
cient increased even more rapidly. This increase was largely inde
pendent of temperature, whether or not the fuel contained aromatic
hydrocarbons and whet.he r extracted with fresh or sea water. The
curves of distribution coefficient against percentage xylidines in
the gasoline can be extended as 8pproximate straight lines at least
through one-half percent by weIgh.t of xylidines.

Effect of aromatic content of fuel. - Aromatic hydrocarbons in
the gasoline increased the distribution coefficients of xylidines.
This effect is illustrated by the data for grade 65 fuel with no
aromatics and with added a.romatics (fig. 1). The addition of 18 per
cent by volume of aromatics to a fuel containing no aromatics
increased the distribution coefficient about 7. The data for the
fuel containing 18 percent aromatics were similar to the data for
grade 130 fuel, which was found to contain a-bout 17 percent by vol
ume of aromatic hydrocarbons. The effect of aromatic constituents
on the distribution coefficient was largely independent of tempera
ture and of concentration of xylidines in the fuel.

Effect of .s~a water. - The use of sea water instead of fresh
water as a displacing fluid increased the values of the distribution
coefficients (fig. 1). The distribution coefficients were raised
about 8 for a gasoline containing no aromatics and about 5 for gas
olines containing 17 or 18 percent aromatics. An exception was
noted in the case of 1 percent xylidines in grade 130 fuel, where
the distribution coefficient was raised only 1. The effect of sea
water was essentially independent of temperature.

Effect of temperature. - Figure 2 shows that the values of the
distI'ibutic'n coefficients of xylidines increased with increase in
tem~erature. The effect of temperature was probably the most impor
tant single effect investigated. An aver~ge temperature coeffi
cient of the distribution coefficient was apprOXimately 0.25 per
degree F. The distribution coefficient-temperature relationship was large
ly independent of concentration of xylidines, aromaticity of the
gasoline, or the substitution of sea water for fresh water.

Aircraft Engine Research Laboratory,
National Advisory Committee for Aeronautics,

Cleveland, OhiO, June 29, 1943.
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APPENDIX - pH OF SEA WATER USED IN DETERMINATION OF

GASOLII~-WATER DISTRIBUTION COEFFICIENTS

The determination of' the pH value for the sample of' sea water
used in the tests on the so~ubility of' xylidines presented in the
present report has been made by Dr. W. T. Olson of' the Fuels and
Lubricants Division•

. The pH of' the sample of' sea water was measured with both a
Coleman and a Beckman pH meter. The value obtained was 8.9.

pH is def'ined as tbe negative logarithm (to the base 10) of'
the hydrogen-ion concentration. The pH of' water is 7. Lower values
of pH than 7 indicate acidity; higher values, basicity. Low pH
would be expected to increase solubility of' xylidines in the aqueous
solution; high pH would be expected to decrease solubility of' xyli
dines in the aqueous solution.

The grade 130 f'uel described in the subject report was the
same as that used in the knock tests at AERL.

. Sea water contains organic material, a good portion of' which
is undoubtedly protein in character. If' it is largely protein, the
subsequent decay of such material will result in an increased basic
ity. Chemists at AERL agree that, if it is low in protein, the
solution will tend to become more acidic. All are agreed that the
determination of pH of samples of' Back River water is not necessarily
indicative of its original pH value. For this reason, too much
importance should not be atrtached to the value of 8.9.

The average value of the pH of' sea ..rater as given in ref'er
ence 2 was 8.13.

It will be noted that these samples were less basic than the
old. sample inspected., although. one would. normally expect less
organic material in ocean water than in the Back River sample.

The pH of' the sea water used in the AERL tests, 8.9, is higher
than the values of' pH given in the literature. This higher pH
value means that the distribution coef'ficients with sea water are
on the high side.

For general inf'ormation, Back River, f'rom which the AERL sample
was taken, is a tributary of' Chesapeake Bay and borders on Langley
Field, Va.

.. .. , ......-.._---_._----------
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